Synergistic toxicity of iron and arachidonic acid in HepG2 cells overexpressing CYP2E1.
Priming of the liver for ethanol-induced injury, by nutrients such as polyunsaturated fat and iron, plays a key role in alcoholic liver disease. The objective of this work was to evaluate the effect of the combination of Fe-nitrilotriacetic acid (Fe-NTA) and arachidonic acid (AA) on the viability of HepG2 cells (E47 cells) transfected to express human CYP2E1. Cells were plated, preloaded with arachidonic acid, washed, and exposed to Fe-NTA for variable periods. Fe-NTA (10 microM) or AA (5 microM) alone showed low toxicity to E47 cells (18 and 8%, respectively, at 24 h), whereas the combination produced synergistic injury (62% toxicity at 24 h). Exposure of cells not expressing any cytochrome P450 (P450), or HepG2-C3A4 cells (expressing CYP3A4) to 10 microM Fe-NTA plus 5 microM AA produced lower toxicity (14 and 32%, respectively), demonstrating a role for P450, and in particular CYP2E1, in the development of toxicity by exposure to Fe + AA. Lipid peroxidation was induced in the E47 cells exposed to Fe plus arachidonic acid and the synergistic toxicity was prevented by antioxidants, which also decreased lipid peroxidation. Damage to mitochondria plays a role in the CYP2E1-dependent toxicity of Fe + AA, because the mitochondrial transmembrane potential decreased early in the process, and cyclosporin A prevented the toxicity. Toxicity in E47 cells exposed to Fe + AA is mainly necrotic in nature. Hepatocytes from pyrazole-treated rats, with high levels of CYP2E1, were more sensitive to Fe + AA toxicity than were saline control hepatocytyes. The results presented suggest that low concentrations of Fe and AA can act as priming or sensitizing factors for CYP2E1-induced injury in HepG2 cells, and such interactions may play a role in alcohol-induced liver injury.